Background: Lung squamous cell carcinoma (LUSC) accounts for approximately 30% of all lung cancers that possesses the highest occurrence and mortality in all cancer types. Long noncoding RNAs have been reported to modulate tumor development for several decades. Aim of the Study: This research aims to investigate the role of MAGI2-AS3 in LUSC.
Introduction
Lung cancer is one of the top 10 malignant tumors with increasing occurrence and mortality. 1 Worse still, the incidence and mortality of lung cancer rank the first in all cancer types among the males and the second among the females. 2 Small cell lung carcinoma and non-small-cell lung carcinoma (NSCLC) are the common subtypes of lung cancer. And NSCLC can be classified into lung adenocarcinoma (LUAD) and lung squamous cell carcinoma (LUSC). 3, 4 Known factors like smoking, air pollution and ionizing radiation are considered to be associated with the initiation and development of LUSC, 5, 6 but the pathology of LUSC remains unclear.
Long noncoding RNAs (lncRNAs) are a class of molecules with more than 200 nucleotides in length without capability encoding proteins. 7 LncRNA dysregulation has been observed in various tumors. 8, 9 Specifically, downregulated lncRNAs repress tumor development and vice versa. As examples, HCG11 inhibits cell glioma growth by modulating miR-496/CPEB or miR-4425/ MTA3 axis. 10, 11 Up-regulated HEIH promotes colorectal cancer tumorigenesis by cooperating with miR-939 to repress the transcription of Bcl-xl. 12 Recently, MAGI2
antisense RNA 3 (MAGI2-AS3) is reported to act as a tumor suppressor in bladder cancer, breast cancer and hepatocellular carcinoma. [13] [14] [15] Importantly, previous studies have identified that MAGI2-AS3 is down-regulated in NSCLC samples, including LUAD and LUSC samples. 16, 17 Moreover, we identified through GEPIA online tool based on TCGA data that MAGI2-AS3 was downregulated in LUSC samples versus normal samples. These findings indicated that MAGI2-AS3 might participate in LUSC. Also, Hao et al delineated that MAGI2-AS3 regulated NSCLC via miR-23a-3p/PTEN axis based on LUAD cell lines (A549, PC9, NCI-H441, and NCI-H1650). 18 However, neither the biological function nor the regulatory mechanism of MAGI2-AS3 has been explored in LUSC before, which prompted us to investigate the role of MAGI2-AS3 in LUSC.
In mechanism, considerable evidence suggests that lncRNA is capable to regulate gene expression at the transcriptional level or post-transcriptional level. 19, 20 Additionally, the competitive endogenous RNA (ceRNA) pattern has attracted abundant attention. In this pattern, lncRNA enhances messenger RNA (mRNA) levels by sponging microRNA (miRNA). 21, 22 LINC00511 is reported to increase the E2F1 level by interacting with miR-185-3p in breast cancer. 23 lncRNA XIST is supposed to modulate EZH2 expression via acting a molecular sponge of miR-101 in gastric cancer. 24 Meanwhile, the regulatory mechanism of MAGI2-AS3 in LUSC remains uncharacterized.
To conclude, we attended to explore the biological function and regulatory mechanism of MAGI2-AS3 in LUSC and discovered that lncRNA MAGI2-AS3 suppressed several cellular processes of lung squamous cell carcinoma cells by regulating miR-374a/b-5p/CADM2 axis.
Materials and Methods

Tissue Samples
41 LUSC tissues and their paired adjacent noncancerous tissues were attained from patients in Peking Union Medical College Hospital by surgery excision between March 2013 and March 2014. No patients received radiotherapy or chemotherapy before surgery. Samples were frozen in liquid nitrogen at −80°C right after resection. Written informed consents were gained from all patients, with the approval of the Ethics Committee of Peking Union Medical College Hospital.
Cell Culture
Human bronchial epithelial cell (HBE) and LUSC cells (H2170, H226, SW900, SK-MES-1) were purchased from the American Type Culture Collection (ATCC; Manassas, VA, USA). In a humidified air with 5% CO 2, cells were grown routinely at 37°C in RPMI-1640 medium (Gibco, Rockville, MD, USA) adding 1% penicillin/streptomycin (Invitrogen) and 10% fetal bovine serum (FBS; Gibco).
Cell Transfection
The pcDNA3.1/MAGI2-AS3, pcDNA3.1/CADM2 and the empty vectors were constructed by Genechem (Shanghai, China). The miR-374a-5p mimics, miR-374b-5p mimics, miR-23a-3p mimics and their corresponding NC mimics were constructed by GenePharma (Shanghai, China). Plasmids were individually transfected into SW900 or SK-MES-1 cells via Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA).
qRT-PCR
Through using TRIzol reagent (Invitrogen), total RNA was extracted. After reverse transcription into cDNA by using Evoscript Universal cDNA Master (Roche) (for lncRNA and mRNA) and Taqman MicroRNA reverse transcription kit (Applied Biosystems, Foster City, CA), qRT-PCR was implemented in ABI 7500 (Applied Biosystems, Foster City, CA, USA) adopting SYBR Green (Takara, Ohtsu, Japan) (for mRNA and lncRNA) and TaqMan MicroRNA Assays (Applied Biosystems) (for miRNA). Relative gene expression was normalized to U6 or GAPDH and fold changes were calculated through 2 −ΔΔCt .
Colony Formation Assay
Transfected SW900 or SK-MES-1 cells were trypsinized and plated in 6-well culture plates (100 cells/well), followed by 14 days of incubation. Colonies were fixed and stained. Visible colonies consisting of more than 50 cells were counted, manually.
EdU Staining
Transfected SW900 or SK-MES-1 cells were inoculated into 96-well plates (8000 cells/well), followed by the addition of 50 μM EdU Reagent (RiboBio, Guangzhou, China) and incubation for 2 h. Cells were later subjected to Apollo (RiboBio) and DAPI (Sigma-Aldrich, St. Louis, MO, USA) in sequence. Images were taken by a fluorescence microscope (Nikon, Tokyo, Japan).
Flow Cytometry Analysis
Transfected SW900 or SK-MES-1 cells were washed twice using cold phosphate-buffered saline (PBS; SigmaAldrich) and later resuspended in 1 × binding buffer (Invitrogen). Cells were incubated for 15 min using Annexin V-FITC/PI (Invitrogen) away from light and at length analyzed through using the Accuri C6 flow cytometer (BD Biosciences, Mountain View, CA, USA). 
Western Blot
Transwell Assay
Migration and invasion capacities of transfected SW900 or SK-MES-1 cells were explored adopting transwell chambers (Corning, Cambridge, MA, USA). In migration assay, cells were added to the upper chambers in serum-free medium, whereas the lower chambers were added with medium supplying 10% FBS. After that, migratory cells were immobilized by 4% paraformaldehyde (PFA; Sigma-Aldrich), followed by being dyed in 0.1% crystal violet (Sigma-Aldrich). Migratory cells were counted via a microscope (Nikon). The upper chambers for invasion assay were pre-coated with Matrigel (BD Biosciences) and the other steps of invasion assay were similar to migration assay.
Subcellular Fractionation
Nuclear or cytoplasmic RNA in SW900 or SK-MES-1 cells was separated and purified with the application of a Cytoplasmic and Nuclear RNA Purification Kit (Norgen Biotek, Thorold, Canada). Expression patterns of MAGI2-AS3, GAPDH and U2 in nuclear and cytoplasm fractions were identified with qRT-PCR.
Fluorescence in situ Hybridization (FISH)
Fluorescently labeled MAGI2-AS3 probe was constructed by RiboBio. The Fluorescent in Situ Hybridization Kit (RiboBio) was employed for the detection of the signal of the probe. DAPI was utilized for counterstaining the nuclei of SW900 or SK-MES-1 cells. Images were acquired on a confocal microscope (Olympus, Tokyo, Japan).
RNA Immunoprecipitation (RIP)
The Magna-RIP RNA Binding Immunoprecipitation Kit (Millipore) was acquired for RIP. SW900 or SK-MES-1 cell lysates were acquired and incubated in the RIP reaction buffer. Anti-Ago2 antibody (Millipore) or anti-IgG antibody (Millipore) was conjugated to magnetic beads (Invitrogen). Enrichment of MAGI2-AS3, miR-374b-5p, miR-374a-5p or CADM2 was revealed using qRT-PCR.
Pulldown Assay 48 h after the LUSC cells were transfected with Bio-miR -374a-5p-WT, Bio-miR-374a-5p-Mut, Bio-miR-374b-5p-WT, Bio-miR-374b-5p-Mut, Bio-miR-23a-3p-WT, BiomiR-23a-3p-Mut, or Bio-miR-NC, the cells were underwent PBS wash and were then incubated for 10 min in lysis buffer. RNA-protein complexes were excluded via blocking the magnetic beads in lysis buffer with the RNase-free BSA as well as yeast tRNA (Sigma). Then, incubate the lysates with streptavidin-coated magnetic beads (Life Technologies; Thermo Fisher Scientific, Waltham, MA, USA) for 4 h under 4°C, wash them twice using lysis buffer, three times with low-salt buffer, and then wash once using a high-salt buffer. Thereafter, bound RNAs were isolated applying the TRIzol reagent (Life Technologies). RNA expression was examined via qRT-PCR.
Luciferase Reporter Assay
The wild-type MAGI2-AS3 with the predictive interacting sequence of miR-374a/b-5p was cloned and constructed into the firefly luciferase psiCHECK-2 vector (Promega, Madison, WI, USA), termed as MAGI2-AS3-WT. Similarly, the mutant MAGI2-AS3 sequence was synthesized and inserted into the luciferase vector, termed as MAGI2-AS3-Mut. Besides, the CADM2 3ʹ-UTR plasmid containing wild-type or mutant miR-374a/b-5p or miR23a-3p binding sites was inserted into the pmirGLO reporter vector (Promega). For luciferase analysis, both SW900 and SK-MES-1 cells were cultivated in 96-well plates and co-transfected with miR-374a/b-5p mimics or NC mimics using Lipofectamine 3000. After transfection for 48 h, cells were reaped and luciferase activity was determined in line with the instructions of dual-luciferase kit (Promega).
Animal Experiments
The BALB/c nude mice (male, 6-week-old) were bought from Beijing HFK Bioscience Co. Ltd.
(Beijing, China). All mice were kept under pathogenfree conditions and the experiments followed Guidelines for Care and Use of Laboratory Animals and gained the approval of Peking Union Medical College Hospital. To monitor tumor growth, A549 cells (1×10 7 ) were transfected with pcDNA3.1 or pcDNA3.1/MAGI2-AS3 and then were subcutaneously injected into the mice. The tumor volume was monitored 4 days a time after the injection, and after 28 days, the mice were sacrificed. The volume was calculated following (length × width 2 )/2. The dissected tumors were weighed and subjected to immunohistochemistry using antibodies against Ki67 and PCNA (Abcam) following former description [20] . To monitor metastasis in vivo, transfected A549 cells were injected from tail vein of mice and the tumors dissected from mice were subjected to the staining of hematoxylin and eosin (H&E; Sigma-Aldrich).
Statistical Analysis
Experimental data from three independent assays were shown as mean ± SD through using Prism 6.0 (GraphPad, San Diego, CA, USA). Prognostic significance of MAGI2-AS3 was analyzed by Kaplan-Meier analysis and log-rank test. Gene expression correlations were assayed by Spearman correlation analysis. Differences were compared with Student's t-test or one-way ANOVA. P < 0.05 indicated significant statistics.
Result
Knockdown of MAGI2-AS3 Inhibited the Proliferative, Migratory and Invasive Capability of LUSC Cells
According to the data from the GEPIA database, MAGI2-AS3 was obviously down-regulated in tumor tissues in comparison with adjacent normal tissues ( Figure 1A) . Similarly, RT-qPCR assay also confirmed that LUSC tissues and cells presented lower MAGI2-AS3 levels than normal tissues and HBE cells, respectively ( Figure 1B and C). Additionally, Kaplan-Meier analysis suggested that low MAGI2-AS3 expression was associated with low overall survival in LUSC patients ( Figure S1A ), indicating that MAGI2-AS3 bore prognostic significance in LUSC patients.
Since we have validated that SW900 and SK-MES-1 cells displayed the most significant down-regulation of the MAGI2-AS3 level among 4 LUSC cell lines, the two cell lines were chosen for in vitro gain-of-function assays. Subsequently, the MAGI2-AS3 level was prominently elevated by the transfection of pcDNA3.1/MAGI2-AS3 in SW900 and SK-MES-1 cells ( Figure 1D ). Then, we explored the specific function of MAGI2-AS3 in LUSC cells. Under the overexpression of MAGI2-AS3, colonies generated from SW900 cells were decreased from around 190 to around 70, and colonies generated by SK-MES-1 cells were decreased from around 160 to around 60 ( Figure 1E ). The number of EdU positive cells among SW900 and SK-MES-1 cells decreased from over 60 to about 20 due to MAGI2-AS3 overexpression ( Figure 1F ). According to flow cytometry analysis, the apoptosis ratio in LUSC cells increased from less than 5% to more than 10% due to MAGI2-AS3 overexpression ( Figure 1G ). Western blot assay disclosed that cleaved caspase-3 and Bax protein levels rose but Bcl-2 protein levels decreased in response to MAGI2-AS3 overexpression ( Figure 1H ). Additionally, transwell assay revealed that the migratory cells were decreased from nearly 150 to about 60 in SW900 cells and decreased from nearly 100 to about 20 in SK-MES-1 cells after MAGI2-AS3 overexpression ( Figure 1I ). The invaded cells decreased from over 100 to about 25 in SW900 cells and decreased from about 70 to about 20 in SK-MES-1 cells under MAGI2-AS3 overexpression ( Figure 1J ). To summarize, MAGI2-AS3 inhibited the proliferative, migratory and invasive capability of LUSC cells. 
MAGI2-AS3 Sponged miR-374a/b-5p to Negatively Regulate Their Levels
Mechanistically, the ceRNA pattern is widely reported as the way by which lncRNAs regulate gene expressions. Nuclearcytoplasmic fractionation and FISH assay demonstrated that the majority of MAGI2-AS3 was distributed in the cytoplasm rather than the nucleus of LUSC cells (Figure 2A  and B) . Hence, we hypothesized that MAGI2-AS3 functioned as a ceRNA in LUSC. Bioinformatics analysis was adopted to seek potential miRNAs harboring binding site(s) in MAGI2-AS3. Based on Figure 2C , eight miRNAs were screened out (conditions: high stringency of CLIP Data and four cancer types of Pan-Cancer) after the prediction of starBase (http://starbase.sysu.edu.cn). Coincidently, miR374a/b-5p was, respectively, reported to promote tumor development in breast cancer and hepatocellular carcinoma. 15, 25 Therefore, miR-374a-5p and miR-374b-5p
were selected for further study. RT-qPCR suggested that miR-374a/b-5p levels in LUSC tissues were higher than that in normal tissues ( Figure 2D ). Spearman correlation analysis demonstrated that miR-374a/b-5p levels were in a negative correlation with MAGI2-AS3 expression ( Figure 2E ). High expression of miR-374a/b-5p was observed by RT-qPCR in LUSC cells, compared with normal cells ( Figure 2F ). Besides, forced MAGI2-AS3 expression decreased miR-374a/b-5p levels whereas MAGI2-AS3 displayed no differential expression in the context of miR-374a/ b-5p overexpression ( Figure 2G-I ). According to RIP assay, MAGI2-AS3 and miR-374a/b-5p were coimmunoprecipitated by Ago2 antibody (the main component of RISC), implying that MAGI2-AS3 and miR-374a/b-5p were co-existed in RISC ( Figure 2J ). The binding sequences between MAGI2-AS3 and miR-374a/b-5p were predicted by starBase ( Figure 2K ). Luciferase reporter assays delineated that either miR-374a-5p or miR-374b-5p mimics triggered an obvious decline of luciferase activity of pmirGLO-MAGI2-AS3-WT whilst no significant changes were observed in MAGI2-AS3-Mut vector ( Figure 2L ). Taken together, MAGI2-AS3 targeted miR-374a/b-5p to negatively regulate their levels.
miR-374a/b-5p Directly Targeted CADM2 to Inhibit Its Activity
As shown in Figure 3A , the Venn diagram showed the possible target genes of miR-374a-5p (left) and miR-374b-5p (right) by PITA, miRmap, microT, miRanda and Pictar collected in Starbase website (http://starbase.sysu.edu.cn/) ( Figure S1B ). In detail, PARPB, LOLRAD4, CADM2 and RER1 were the common target genes of miR-374a-5p and miR-374b-5p. RT-qPCR indicated that only CADM2 was down-regulated in LUSC tissues ( Figure 3B ). Subsequently, the negative association between CADM2 and miR-374a-5p or miR-374b-5p, and the positive association between CADM2 and MAGI2-AS3 were displayed by Spearman correlation analysis ( Figure 3C ). LUSC cells also presented lower CADM2 mRNA and protein levels than HBE cells ( Figure 3D ). Moreover, both mRNA and protein levels of CADM2 were reduced by transfecting miR-374a-5p/miR-374b-5p mimics or pcDNA3.1/MAGI2-AS3 into SW900 and SK-MES-1 cells ( Figure 3E and F) . RIP assay manifested that CADM2 and miR-374a/b-5p were enriched in the anti-Ago2 group ( Figure 3G ). The binding sites of miR-374a-5p or miR-374b-5p on CADM2 were predicted and shown in Figure 3H . Based on luciferase reporter assay, the transfection of miR-374a-5p or miR-374b-5p mimics attenuated the luciferase activity of CADM2-WT vector but not that of CADM2-Mut ( Figure 3I ). In a word, MiR-374a/ b-5p directly targeted CADM2.
MAGI2-AS3 Suppressed Several Cellular Processes of Lung Squamous Cell Carcinoma Cells by Regulating miR-374a/ b-5p-CADM2 Axis
To prove whether MAGI2-AS3 acted as a tumor suppressor by modulating miR-374a/b-5p-CADM2 axis, we first detected the function of CADM2 on LUSC cells by overexpressing CADM2. CADM2 mRNA and protein expression were prominently upregulated by the transfection of pcDNA3.1/CADM2 ( Figure 4A ). We observed that overexpressing CADM2 reduced colonies generated by SW900 and SK-MES-1 cells ( Figure S1C ). The EdU positive cells decreased from more than 60 to less than 20 under CADM2 overexpression in 2 LUSC cell lines ( Figure S1D ). The apoptosis ratio was increased from less than 5% to more than 10% in 2 LUSC cell lines upon CADM2 overexpression ( Figure S1E ). The migrated cells and invaded cells were decreased under CADM2 ectopic expression in LUSC cells ( Figure S1F and G). These data collectively indicated that CADM2 served as a tumor suppressor in LUSC cells. Next, rescue assays were implemented to investigate whether miR-374a/b-5p were required for the regulation of MAGI2-AS3 on LUSC cells. According to the result of colony formation and EdU assays, cell proliferation presented an increase under miR-374a-5p (or miR-374b-5p) augmentation and such increase was further enhanced by the transfection of miR-374a-5p mimics and miR-374b-5p mimics, and then abrogated by CADM2 overexpression ( Figure 4B and C). According to flow cytometry, the apoptotic ratio in pcDNA3.1/MAGI2-AS3-transfected SK-MES-1 cells reduced to around 7% by respective overexpression of miR-374a-5p and miR-374b-5p, and the apoptotic ratio further dropped to less than 5% as a result of miR-374a/b-5p co-overexpression. Later, the apoptotic ratio was recovered to over 10% by CADM2 overexpression ( Figure 4D ). Over and above that, the transfection of pcDNA3.1/CADM2 offset the effect of miR-374a/b-5p overexpression on reducing cleaved caspase-3 or Bax protein expressions and inducing Bcl-2 protein expression ( Figure 4E) . Correspondingly, the promoting effect of miR-374a-5p and miR-374b-5p overexpression on cell migration and invasion was rescued by the transfection of pcDNA3.1/CADM2 ( Figure 4F and G). All in all, MAGI2-AS3 suppressed the proliferation and migration of LUSC cells via miR-374a/b-5p/CADM2 axis.
MAGI2-AS3/miR-23b-3p/PTEN Axis Functioned in LUSC Cells
According to former studies, MAGI2-AS3 also regulated other target genes via miR-374a/b-5p to exhibit is tumorsuppressing effect. Notably, MAGI2-AS3 regulated miR374b-5p/SMG1 axis in hepatocellular carcinoma,
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MAGI2-AS3 regulated miR-374a/PTEN axis in breast cancer. 26 Hence, we tried to detect whether SMG1 and PTEN were alternate targets for MAGI2-AS3/miR-374a/ b-5p axis. Interestingly, RT-qPCR data depicted that SMG1 presented no significant change in LUSC samples versus the adjacent normal samples ( Figure S2A ). However, PTEN was significantly downregulated in LUSC samples ( Figure S2B ), indicating that PTEN, rather than SMG1, was involved in LUSC. Unexpectedly, pulldown assay showed that neither miR-374a-5p nor miR-374b-5p interacted with PTEN mRNA in LUSC cells ( Figure S2C ). Also, miR374a-5p mimic or miR-374b-5p mimic failed to inhibit PTEN mRNA and protein expressions in LUSC cells ( Figure S2D ). Instead, we discovered that MAGI2-AS3 overexpression induced PTEN mRNA and protein expressions in LUSC cells ( Figure S2E ), indicating that MAGI2-AS3 might regulate PTEN expression independent from miR-374a/b-5p. A previous report validated that MAGI2-AS3 can regulate PTEN expression via miR-23a-3p in NSCLC by using LUAD cell lines. 18 Therefore, we wondered whether MAGI2-AS3 could regulate PTEN via miR-23a-3p in LUSC cells as well. Expectedly, pulldown assay confirmed the enrichment of PTEN mRNA and MAGI2-AS3 in the bio-miR-23a-2p-WT group rather than bio-miR-NC and bio-miR-23a-3p-Mut group ( Figure S2F ). RIP assay showed the co-immunoprecipitation of MAGI2-AS3, miR-23a-3p, and PTEN mRNA in the Ago2 group ( Figure S2G ). We also obtained the binding sites on PTEN for miR-23a-3p via TargetScan (http://www.targetscan.org/ vert_72/) ( Figure S2H ). Luciferase activity of PTEN (WT), rather than PTEN (Mut) was decreased by miR-23a-3p mimic in 2 LUSC cell lines ( Figure S2H ). Together, it was suggested that MAGI2-AS3 regulated PTEN via miR23a-3p in LUSC cells. Moreover, we verified that miR-23a-3p was upregulated in LUSC samples versus the adjacent normal samples ( Figure S3A ). We also demonstrated the negative correlation of miR-23a-3p with MAGI2-AS3 and PTEN and the positive correlation between MAGI2-AS3 and PTEN in LUSC samples ( Figure S3B ). Thereafter, rescue assays were conducted to validate the function of MAGI2-AS3/miR-23b-3p/PTEN axis in LUSC cells. We confirmed via Western blot analysis that overexpressing MAGI2-AS3 induced PTEN level, whereas the induction of PTEN was reversed by miR23a-3p mimic, and overexpressing PTEN restored the PTEN level reduced by miR-23a-3p mimic ( Figure S3C ). miR-23a-3p mimic rescued the colony formation and EdU positive LUSC cells reduced by MAGI2-AS3 overexpression, and the effect of miR-23a-3p mimic was reversed by PTEN overexpression in LUSC cells ( Figure S3D and E) . Overexpression of miR-23a-3p mimic counteracted the high apoptosis ratio in LUSC cells under MAGI2-AS3 overexpression, and PTEN overexpression reversed the effect of miR-23a-3p mimic ( Figure S3F ). The migration and invasion of LUSC cells were decreased by MAGI2-AS3 overexpression and restored by miR-23a-3p mimic, and the restoration of migration and invasion was later counteracted by PTEN overexpression (Figure S3G and H). Jointly, MAGI2-AS3 also suppressed proliferation, migration, and invasion via miR-23a-3p/PTEN axis in LUSC cells.
Function of MAGI2-AS3 on LUSC Tumorigenesis and Metastasis in vivo
Finally, we carried out in vivo assays to investigate the function of MAGI2-AS3 in LUSC. SK-MES-1 cells transfected with pcDNA3.1 or pcDNA3.1/MAGI2-AS3 were injected into nude mice and the tumor growth was observed. As a result, MAGI2-AS3 overexpression retarded the tumor growth and reduced tumor weight in mice ( Figure 5A and B). The levels of MAGI2-AS3, CAMD2, and PTEN were increased in xenografts with MAGI2-AS3 overexpression ( Figure 5C ). Western blot analysis showed that MAGI2-AS3 overexpression induced the levels of CADM2, PTEN, c-Caspase 3, and Bax, and reduced the level of Bcl-2 ( Figure 5D ). The IHC staining ratio of proliferation index (Ki67 and PCNA) in xenografts of mice decreased upon the overexpression of MAGI2-AS3 ( Figure 5E ). Moreover, HE staining depicted that the metastatic nodules in mice decreased under MAGI2-AS3 overexpression ( Figure 5F ). Together, these results indicated that MAGI2-AS3 retarded tumorigenesis and metastasis in vivo.
Discussion
LUSC, accounting for 30% of all lung cancer types, is a horrible threat to individual life. 27, 28 Modern advanced methods like surgery, chemotherapy and radiotherapy have been applied to treat LUSC. 28, 29 Nevertheless, LUSC patients still present a dismal prognosis with a low overall 5-year survival rate due to tumor metastasis and recurrence. 30, 31 Hence, further exploration of carcinogenesis is essential to the identification of potentially diagnostic or therapeutic targets. LncRNAs can be classified into genic (exonic, intronic, overlapping) and intergenic lncRNAs according to their location with respect to the nearest protein-coding transcripts. 19 Functionally, a multitude of researches claim that lncRNA may serve as important regulatory factors in diverse biological processes including cell proliferation, differentiation, migration, invasion or apoptosis. 32, 33 Long noncoding RNA ZFAS1 is proved to improve cell proliferation and invasion by sponging miR-484 in colorectal cancer. 34 The long noncoding RNA SNHG14 represses cell proliferation but boosts cell apoptosis of glioma cells by sponging miR-92a-3p. 35 MAGI2-AS3 has been reported as an anti-tumor lncRNA in several cancers, including hepatocellular cancer and breast cancer. 15, 26 The downregulation of MAGI2-AS3 has been proved in NSCLC including LUAD and LUSC. 16, 17 A recent research validated the tumor-suppressive role of MAGI2-AS3 in NSCLC based on LUAD cell lines. 18 However, the role of MAGI2-AS3 in
LUSC is yet to be shown. We identified the downregulation of MAGI2-AS3 in LUSC samples based on TCGA data from GEPIA and validated such result in LUSC samples by RT-qPCR, suggesting the participation of MAGI2-AS3 in LUSC. Importantly, we were the first to investigate the function of MAGI2-AS3 in LUSC in vitro and in vitro.
We demonstrated the MAGI2-AS3 inhibited proliferation, induced apoptosis, and increased migration and invasion in vitro, and proved that MAGI2-AS3 overexpression attenuated tumorigenesis and metastasis in vivo.
Mechanistically, lncRNA interacts with miRNA to modulate the target gene(s) level. Particularly, lncRNA generally acts as a ceRNA in the cytoplasm of cells. Based on this hypothesis, we conjectured that MAGI2-AS3 might also function in this pattern. Coincidently, we found that the majority of MAGI2-AS3 was distributed in the cytoplasm of LUSC cells. Additionally, MAGI2-AS3 negatively regulated miR-374a/b-5p levels while MAGI2-AS3 displayed no changes in the context of miR-374a/ b-5p overexpression. Then, the combination between MAGI2-AS3 and miR-374a/b-5p was confirmed. Hereafter, cell adhesion molecule 2 (CADM2) was chosen as the target gene of miR-374a/b-5p, which has been reported to be down-regulated in glioma and hepatocellular carcinoma. 36, 37 We first validated that miR-374a/b-5p negatively modulated mRNA and protein levels of CADM2 by binding to CAMD2 mRNA. Rescue assays revealed that the promoting effects resulted from miR374a/b-5p amplification on the proliferation, apoptosis resistance, migration and invasion were retarded by transfection of pcDNA3.1/CADM2. Moreover, several former works have shown that MAGI2-AS3 can target other genes via miR-374a-5p and miR-374b-5p, such as PTEN and SMG1 in breast and hepatocellular cancers. 15, 26 Interestingly, we discovered that SMG1 presented no significant alteration in LUSC samples whereas PTEN was downregulated in LUSC samples, indicating the involvement of PTEN in LUSC. However, we showed that unlike in breast cancer and hepatocellular cancer cells, miR-374a/b-5p cannot interact with and affect PTEN in LUSC cells. Instead, MAGI2-AS3 can still upregulate PTEN in LUSC cells. According to a former study, MAGI2-AS3 targeted miR-23a-3p in LUAD cells to upregulate PTEN. 18 In concordance, we firstly validated in LUSC cells that MAGI2-AS3 also regulated miR-23a-3p/ PTEN axis to suppress cell proliferation, migration, and invasion. Therefore, it was suggested that. All in all, for the first time, we verified the function and mechanism of MAGI2-AS3 in LUSC by demonstrating a novel ceRNA network MAGI2-AS3/miR-374a/b-5p/ CAMD1 in LUSC and validating that anti-cancer role of MAGI2-AS3/miR-23a-3p/PTEN axis reported in LUAD was also effective in LUSC. This may provide a novel insight into the treatment of LUSC patients. Yet, it was just the initial exploration of MAGI2-AS3 and other related mechanisms in LUSC remain to be explored in the future.
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